CD7+CD34+ lymphohematopoietic progenitor cells in bone marrow are capable of differentiating into either lymphocytes or myeloid cells. The mechanism whereby these bipotent progenitor cells are regulated is not yet clear. In this study, we investigated the role CD7 may play in the development of bipotent cells using two myeloid progenitor cell lines, KG-1 and KG-la, as models for such cells. Our data showed that cross-linking CD7 on KG-1 and KG-la cells induced transcription, translation, and secretion of granulocyte-macrophage colony-stimulating factor (GM-CSF). Anti-T IS GENERALLY believed that a single type of self- The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. section 1734 solely to indicate this fact. 0 1996 by The American Society of Hematologv. 0006-4971/96/8801-0024$3.00/0 CD7 antibody also augmented the colony formation by KG-1 cells. Protein synthesis in KG-1 cells also increased as a result of anti-CD7 stimulation. These phenomena could be blocked by anti-GM-CSF, and supported the notion that the secreted GM-CSF was the primary mediator of CD7 effects. Together, these findings suggest that the interaction between CD7 and its putative ligand may play an important role in hematopoietic development.
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CD3 monoclonal antibody (MoAb), mitogens, and antigens to stimulate T-cell pr~liferation.'".'~ A recent report suggests that CD7 molecules on T cells participate in the process of signal transduction.'" The CD7 on NK cells is also able to transduce signals leading to NK cell activation."
In this study, we investigated the role CD7 might have in the myeloid development of hematopoietic progenitors. The myeloid leukemic cell lines, KG-1 and KG-la, were stimulated with anti-CD7 MoAb, resulting in the transcription of mRNA for granulocyte-macrophage colony-stimulating factor (GM-CSF) and the secretion of this protein. This correlated with an increase in cellular protein synthesis, suggesting that differentiation steps had occurred as a consequence of CD7 ligation. Thus, the presence of CD7 on the hematopoietic progenitor cells might reflect that it plays a significant role in the differentiation of these cells.
at a concentration of 5 X IO'lmL, and 200-pL aliquots were placed into microtiter wells. After 2 to 4 days of culture in a humidified incubator at 37°C in 5% COz, the cells were harvested for reverse transcriptase-PCR (RT-PCR) by centrifugation at 1,200 rpm for 10 minutes, and the supernatants were collected for enzyme-linked immunosorbent assay (ELISA). The procured cells were lysed in Ultraspec RNA extraction reagent by repetitive pipetting ( I mL Ultraspec for 5 to 10
x IO" cells), and the cell lysate was extracted with chloroform. The total RNA in the aqueous phase was precipitated with isopropanol and washed twice with 75% ethanol. The recovered RNA was dissolved in TE. and the reverse transcription reaction was performed in 20 p L with the following: RNA 50 nglpL in 5 mmol/L MgClz, 10 mmol/L Tris. pH 8.8, 50 mmol/L KCI, 0.1% Triton X-100, I mmol/L each of dATP, dCTP, dGTP, and dTTP, and rRNasin 1,000 UlmL, with I U AMV RT and 0.5 pg oligo(dT) 15' mer per pg RNA. The reaction was performed at 42°C for I hour. A 50-pL PCR reaction contained 1 p L reverse transcription product, 10 p L PCR OPTIMIZER buffer (Invitrogen, San Diego, CA), 2 p L 25-mmol/L PCR primers, 1.25 p L IO-mmollL dNTPs, and 2 U Taq polymerase (Promega). The reaction was performed with a PerkinElmer 9600 thermal cycler (Roche, Branchburg, NJ). The cDNA was denatured at 94°C for I minute. and the primers were annealed out at 55°C for 2 minutes and extended at 72°C for 3 minutes for a total of 35 to 40 cycles. The PCR product was electrophoresed in I .7% agarose gel and visualized with ethidium bromide staining.
The ELISA was performed according to a protocol provided by the manufacturer. Briefly, the 96-well ImmunoIon I1 microtiter plate was coated with anti-GM-CSF capture MoAb at a concentration of 2 pglmL (50 pL/well) at 4°C overnight in carbonate/bicarbonate buffer (pH 9.6). After three washes with PBS-0.058 Tween 20 (PBS-T), the plate was blocked with PBS-T-10% fetal calf serum for 2 hours at room temperature. With two additional washes of PBS-T, 200 p L of standards and supernatant samples were added to the wells for 4 hours at room temperature. The plate was again washed four times with PBS-T and then incubated with 100 p L biotinylated anti-GM-CSF detecting MoAb at 2 p g h L for 45 minutes. The plate was washed with PBS-T four times, and 100 p L avidin-peroxidase at 2.5 pg/mL was added to the wells for 30 minutes at room temperature. After four washes of PBS-T, 100 p L ABTS substrate solution was added to each well. After 30 minutes, the plate was read at 405 nm using a Coulter (Hialeah, FL) Vmax microplate reader, and the data were analyzed with SOFTmax software from Molecular Device? (Menlo Park, CA).
The 96-well U-bottomed tissue culture plates were coated with anti-CD34, anti-CD3. and anti-CD7 at 37°C overnight at a concentration of 10 pg/mL in PBS, pH 8.0. The plates were washed twice with PBS, pH 6.8, before use. KG-I cells were obtained and resuspended in complete RPMI 1640 medium at a concentration of 5 X 10' mL: 200 p L of the cell suspension was added to each well. The plates were incubated in a 37°C humidified incubator with 5% COz. At day 4, 150 p L medium was removed from the wells without disturbing the cell pellet, and 150 p L leucinefree RPMI 1640 medium containing 1 pCi 'H-leucine (40 to 60 Cil mmol) was added to each well. After another 24 hours of incubation, the cells were harvested onto the glass-fiber filter using a Skatron multichannel cell harvester (Sterling, VA). The amount of radioactivity incorporated into each well was determined using an LKB I205 beta-counter (Pharmacia LKB Nuclear, Gaithersburg. MD).
Cells ( I X 10') were pelleted into the well of a Microtest Flexible Assay Plate (Becton Dickinson. San Diego, CA). Twenty microliters of FITC-labeled anti-CD2, -CD3, -CD4, -CD7, -CD8, -CD14, -CDI 5, -CDI 6, -CD20. -CD34, T-cell receptordo, and HLA-DR (Becton Dickinson) were added to the wells. The plate was shaken at 4°C for I hour. The cells were washed with
RT-PCR.
ELfSA for GM-CSF.
'H-leucine incorporation assay. GM-CSF mRNA induced in PBMC by anti-CD7 MoAbs. PBMC were collected on a FicolVHypaque density gradient and stimulated by PHA, anti-CD3, anti-CD7, or both antibodies previously immobilized onto 96-well tissue culture plates a s previously described." The cells were collected at 4 or 72 hours, RNA was extracted and reversetranscribed, and equal amounts were used for RT-PCR analysis using commercial primers for GM-CSF or actin.
PBS-I % bovine serum albumin (BSA) twice. The cells were fixed with 100 p L 1% formaldehyde and diluted in I mL PBS. Flow fluorocytometry was performed using a FACScan (Becton Dickinson).
The methylcellulose complete media, Methocult H4433 (Stemcell Technology. Vancouver. BC, Canada), were used for colony-forming assay. The components of the media were as follows: 30% fetal calf serum, 5% PHA-stimulated lymphocyte-conditioned media, I % BSA, 0.9% methylcellulose, 0.4 mmoll L 2-mercaptoethanol. 3 UlmL erythropoietin, and 2 mmol/L glutamine. The stimulated cells were resuspended in RPMl 1640 medium-10% fetal calf serum at a concentration of 1 X IO'/mL; 0.3 mL of the cell suspension was added to 3 mL medium. After vigorous vortexing, I-mL aliquots were dispensed in duplicate into wells of the 6-well tissue culture plates. The plates were incubated at 37°C in a humidified environment with 5% C 0 2 . At day 18 to 20, the colonies were counted under low power with an inverted microscope.
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RESULTS
Cross-linking CD7 on lymphocytes and myeloid leukemic cells led to GM-CSF transcription and translation. Our previous results indicated that anti-CD7 MoAb 69 and anti-CD3 acted as costimulatory signals for T-cell proliferation.'x Interestingly, antLCD7 alone induced GM-CSF mRNA transcription, similar to the anti-CD3hnti-CD7 combination, as measured by RT-PCR (Fig 1) . Thus, after 4 hours of stimulation with anti-CD7 MoAb alone or the anti-CD7/anti-CD3 combination, GM-CSF transcripts were detectable in PBMC. In contrast, anti-CD3 alone had no effect at this time interval, although by 72 hours GM-CSF transcription was also detectable. Similar to our findings, it has also been reported that stimulating CD7 on y/6 cells with antLCD7 also resulted in GM-CSF expre~sion.'~ Together, these data suggested that CD7 ligation led to GM-CSF production on mature lymphoid cells.
Based on these observations, we wished to determine whether cross-linking CD7 present on lymphoid-myeloid progenitors similarly induced GM-CSF gene transcription. For these experiments, we chose two CD7' myeloid leukemic cell lines, KG-I and its subline KG-la. Both of these cell lines resemble normal lymphoid-myeloid bipotent progenitor cells in that they express CD7 and CD34 but are negative for other markers of lymphoid and myeloid lineages, eg, CD3, CD2, CD4, CD8, CD19, CD20, CD14, CDIS, and CD16. The expression level of CD7 on the surface of KG-1 was weaker than on KG-I a, although CD34 expression on both cell lines was similar (data not shown).
KG-la constitutively expressed a low level of GM-CSF mRNA, whereas KG-I did not (Fig 2) . A dramatically increased level of GM-CSF mRNA was observed in both KG-1 and KG-la when the cells were stimulated by anti-CD7 for 24 hours. Under the same condition, neither antLCD34 nor anti-CD3 showed any augmentation on GM-CSF transcription. Similar results were obtained with freshly isolated CD7+CD34+ myeloid leukemic cells from a patient with myelomonocytic leukemia. BM cells with greater than 97% blasts were harvested and, without further manipulation, were stimulated using anti-CD7, anti-CD34, or anti-CD4 MoAbs. Only anti-CD7 was able to stimulate the transcription of GM-CSF message (Fig 3) .
To determine whether GM-CSF gene transcription led to secretion of the GM-CSF protein, a GM-CSF ELISA was set up to measure GM-CSF production from stimulated KG-1 and KG-la cells. A significant amount of GM-CSF protein was found in the supernatants of anti-CD7-stimulated KG-I and KG-1 a cells, whereas anti-CD34 and anti-CD3 did not induce GM-CSF secretion (Fig 4) . Thus, these data confirmed that CD7 ligation led to the GM-CSF gene transcription and translation, and that it might have functional consequences in the differentiation of myeloid precursor cells.
Anti-CD7 stiniulrtion resulted in increased protein synthesis in KG-I cells. As a measure of the functional consequences of CD7 ligation of myeloid precursors, we determined the effects of anti-CD7 on the protein synthesis in KG-1 cells using the 'H-leucine incorporation assay. Anti-CD7, similar to GM-CSF and TPA, induced a fourfold increase in 'H-leucine incorporation by KG-I cells, whereas anti-CD34-and anti-CD3-stimulated cells consumed approximately the same amount of leucine as the control (Fig  5) . Thus, CD7 ligation on KG-I cells led to significantly increased de novo protein synthesis. The significance of the -GM-CSF increased protein synthesis is not clear, but one possible function of these newly produced proteins might be related to cell differentiation. Anti-CD7, on the other hand, did not alter DNA synthesis as measured by the 'H-thymidine incorporation assay (data not shown). This supported the hypothesis that the changes in protein synthesis were associated with differentiation and not cell proliferation.
Anti-CD7 augmented colony formation by KG-l cells.
To further study the functional consequences of CD7 ligation on KG-l cells, we measured changes in their capacity to form colonies. The components in the complete methylcellulose media were sufficient to support the colony formation by unstimulated KG-l cells (Fig 6) . When stimulated with anti-CD7, KG-l produced 50% to 100% more colonies than controls, but neither anti-CD34 nor anti-CD3 had any additional effects on colony formation. Recombinant human GM-CSF (50 ng/mL) was the most efficient inducer of colony formation. When the complete methylcellulose media without the conditioned media and erythropoietin were used, no colonies were observed for unstimulated KG-l cells or KG-l cells simulated with anti-CD7, GM-CSF, anti-CD3, and anti-CD34 (data not shown). Thus, GM-CSF played an important role in colony formation, but other factors also had critical functional roles. GM-CSF mediated the effect of anti-CD7 MoAb. These data indicated that CD7 cross-linking led to (1) GM-CSF production and (2) increases in protein synthesis and colony formation. However, the data did not exclude the possibility that cross-linking CD7 had effects other than GM-CSF production, leading to increases in the observed protein synthesis and colony formation. To determine whether the former was causally related to the latter, anti-GM-CSF was added to tissue cultures to neutralize the effect of GM-CSF. As shown previously, anti-CD7 induced incorporation of 'Hleucine into KG-I cells (Fig 7) . Inclusion of anti-GM-CSF in the tissue culture blocked the effect of anti-CD7 on the uptake of 'H-leucine (Fig 7) , as it did for the GM-CSF effect. Table 1 summarizes the results of inclusion of anti-GM-CSF on colony formation. When anti-CD7 was added to the methylcellulose culture matrix, the formation of colonies was doubled, as shown previously. This effect was blocked when anti-GM-CSF was added together with anti-CD7.
Thus, CD7 ligation on KG-l cells led to the elaboration of GM-CSF, which was responsible for the observed effects of increased protein synthesis and colony formation. DISCUSSION CD7 was first described on mature T cells by Haynes et all6 using MoAb 3A1, and its presence on NK cells was later identified." It is the earliest T-cell lineage-associated antigen to appear during 0ntogeny.2~ The function of CD7 is still largely unknown, although there have been a number of studies implicating it in T-cell differentiation and activa-CD7 has been known to be present on leukemic cells of T-cell origin, and its presence was linked to the tion.lR. 10.23.26 prognosis of the disease.8s9 Of great interest is that CD7 is also expressed on nonlymphoid leukemic cells, mainly myeloid leukemic cells.""3 This suggested that CD7 may also be present on normal myeloid precursors. In fact, CD7+CD34+ cells isolated from human thymus have been reported to have the capacity to differentiate into myeloid cells and T lymphocytes in vitr0.6'~ Furthermore, a population of CD7+CD34+ cells with the same differentiation potential can also be found in human BM.I4 These findings suggest that T lymphocytes and myeloid cells may originate from a common bipotent progenitor. Alternatively, CD7+CD34+ cells are heterogeneous, consisting of distinct precursors for T cells or myeloid cells. The present study is the first to show that CD7 expression on hematopoietic progenitor cells may have a biologic function. We initiated our studies since anti-CD7 MoAb alone induced GM-CSF transcription in T cells, suggesting that CD7 might regulate GM-CSF production. Because CD7 is present on myeloid progenitors, it seems possible that it may have a role in their differentiation.
To test our hypothesis, we chose to study the CD7+CD34+ myelogenous leukemia cell lines, KG-1 and KG-la, as models for myeloid precursor cells. As shown in this study, CD7 ligation by its antibody on these cell lines resulted in increased GM-CSF transcription, translation, and secretion. Despite the differences in CD7 expression on these two cell lines, as measured by immunofluorescence, the induction of GM-CSF by CD7 ligation on these cell lines was similar. Thus, even with the relatively low CD7 density on KG-1, sufficient signals were transduced for the transcription of GM-CSF. Our subsequent experiments were performed using KG-1 only.
The mechanism by which anti-CD7 regulated GM-CSF expression is unknown. Our preliminary results showed that anti-CD7 MoAb increased tyrosine phosphorylation of at least one cellular protein in the KG-1 cell (Z. Hou and L.K. Jung, unpublished data, 1996) . This suggests that the CD7 molecule on KG-1 cells is capable of transducing intracellular signals that lead to enhanced GM-CSF expression.
Both anti-CD7 and GM-CSF increased colony formation by KG-1 cells. Thus, anti-CD7-induced KG-1 colony formation might be caused by increased secretion of GM-CSF after CD7 ligation. This was confirmed, since anti-GM-CSF blocked the effect of anti-CD7, indicating that GM-CSF mediated the effect of CD7 ligation (Table 1) . However, GM-CSF alone was not sufficient for colony formation, since neither antLCD7 nor GM-CSF induced colonies from KG-1 in the absence of conditioned media in the growth media. This is consistent with previous reports that more than one hematopoietic factor was needed for the progenitor differentiation to form colonies.''
Results of the 'H-leucine incorporation assay also supported the concept that CD7 ligation has a profound effect on the metabolism of KG-1 cells. This effect may be related to activation of the machinery that leads to transcription and translation of GM-CSF. Since anti-GM-CSF blocked the effect of anti-CD7 on protein synthesis, the majority of the biosynthetic activity must be subsequent to the action of GM-CSF. It is also clear that ligation of CD7 on KG-1 has no effect on the proliferative potential of the cells as measured by "-thymidine incorporation (data not shown). Thus, the increase in protein synthesis is probably a reflection of cell differentiation and maturation.
We did not detect any changes in cell surface markers on these cells after CD7 ligation (data not shown). This might reflect the fact that the conditions used in these experiments were not optimal for the expression of specific differentiation antigens. Alternatively, CD7 ligation likely represents only Medium  182  168  190  145  Anti-CD34  199  155  176  180  Anti-CD3  169  144  ND  ND  Anti-CD7  376  246  340  206  GM-CSF  404  208  392  224 The colony-forming assay was performed in the presence or absence of anti-GM-CSF. Duplicate cultures were assayed for each experimental condition. The number of colonies were counted at day one of many steps involved in the differentiation process. When studied in isolation as in our experiments, it is not surprising that there were no changes in cell surface markers, because the latter process probably involved multiple steps in differentiation. Additional differentiation factors would likely be needed before upregulation of more mature markers could occur. This possibility is supported by our findings that GM-CSF and anti-CD7 alone are not sufficient for colony formation and that other factors present in the conditioned media are likely involved in that process. In other words, CD7 ligation is important but is only one of many factors involved in differentiation of the precursor cells.
Thus, the data generated from this study indicated that CD7 ligation led to GM-CSF production in progenitor cells. This led to changes in protein synthesis and differentiation steps to increase colony formation by these cells. These results suggested that the interaction between CD7 and its putative ligand might be important for myeloid development. Further experiments with CD7+CD34-normal progenitor cells will be extremely important.
